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Determination  of  sex  by  morphological  assessment  has  been  one  of  the  oldest  approaches  in  forensic 
anthropology.  Loth  and  Henneberg6  introduced  a  morphological  trait  “Mandibular  Ramus  Flexure”  for 
sex  identification  with  a  high  accuracy  of  99%  in  African  Blacks.  However,  the  population  specificity  of 
sexually  dimorphic  features  is  well  known.  The  purpose  of  this  study  is  to  test  the  reliability  of  this  trait 
in  Indian  population.  A  total  number  of  112  adult  mandibles  (88  males  and  24  females)  were  studied 
from  the  Department  of  Forensic  Medicine,  Institute  of  Medical  Sciences,  Banaras  Hindu  University,  India. 
The  mandibles  were  scored  according  to  the  original  method  by  two  observers  in  three  different  sessions. 
This  was  done  to  test  inter  and  intra-observer  errors  in  identifying  the  trait.  The  result  shows  that  this 
trait  can  be  used  to  diagnose  sex  with  an  average  accuracy  of  upto  82%.  Though,  inter  and  intra-observer 
errors  were  present  but  could  be  minimized  with  extended  practice.  So,  the  trait  has  the  potential  to  be 
relied  upon  as  a  single  morphological  trait  for  determination  of  sex  in  Indian  population. 

©  2011  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

The  role  of  an  anthropologist  in  a  forensic  setting  is,  to  create 
a  biological  profile  of  unknown  skeletal  or  decomposed  remains,  to 
arrive  at  conclusions  regarding  its  age,  sex,  stature  and  ethnic 
background.  Sex  determination  is  one  of  the  leading  questions 
addressed  when  formulating  the  biological  profile.  Its  knowledge 
refines  focus  of  identification  restricted  to  one  sex  only.  The 
subsequent  methods  for  age  and  stature  estimation  are  also  sex 
dependent  as  growth  and  maturation  differs  in  sexes. 

Traditionally,  subjective  visual  assessments  of  sexually  dimor¬ 
phic  features  of  the  skull  and  pelvis  are  resorted  to  for  sex  identity. 
Morphological  methods  are  not  population  specific,  with  suits 
application  to  fragmentary  archaeological  and  forensic  materials. 
Moreover,  the  method  encapsulates  morphological  information 
that  is  difficult  to  quantify  using  standard  anthropometric 
techniques.1 
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It  has  been  stated  that  descriptive  traits  are  more  influential  in 
sex  determination  from  skulls  than  metric  assessment  of  size  and 
proportions.2  Mandible  is  one  of  the  most  durable  and  dimorphic 
bone  of  the  skull3  and  important  for  sex  identification.  Several 
studies  evaluated  the  utility  of  sexually  dimorphic  human 
mandible  using  metric  and  morphological  features.3-10  It  is  found 
that  dimorphism  is  generally  more  marked  in  mandibular  ramus 
than  in  the  mandibular  body.4  Mandibular  ramus  can  differentiate 
between  sexes  as  the  process  of  mandibular  development  and 
masticatory  forces  are  different  for  males  and  females  which 
influence  the  shape  of  the  ramus.6,11 

Mandibular  ramus  flexure  discovered  by  Loth  and  Henneberg6 
has  drawn  world-wide  attention  due  to  its  exceptionally  high 
accuracy  in  sex  determination.  The  distinct  flexure  in  the  posterior 
border  of  ramus  at  the  level  of  occlusal  surface  of  the  molars  in 
adult  males  is  not  seen  in  females,  if  present,  it  was  either  above  or 
below  the  occlusal  surface.  The  authors  claimed  prediction  accu¬ 
racy  of  90.6-99%  in  mandibles  without  loss  of  molar  teeth.  Thus  far 
several  studies  have  examined  the  usefulness  of  this  method.3,12-20 
Koski12  in  radio-cephalometric  study  on  white  children  (6-8  years) 
and  young  females  (22-25  years),  found  no  difference  in  sexes  in 


1752-928 X/$  —  see  front  matter  ©  2011  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved, 
doi:  10.101 6/j.jflm.2011.02.014 


V.  Saini  et  al.  /  Journal  of  Forensic  and  Legal  Medicine  18  (20U )  208—212 


209 


Fig.  1.  Male  mandible  showing  ramus  flexure  (+1)  score. 


occurrence  of  mandibular  ramus  flexure.  Similar  observations  were 
reported  by  Hu  et  al.3  Other  studies  supported  the  findings  of  Loth 
and  Henneberg  in  favor  of  the  method.14,19  The  expression  of  ramus 
flexure  has  been  suggested  to  be  population  specific  and  thus 
present  investigation  attempted  to  examine  occurrence  of  this  trait 
and  its  sex  discriminating  ability  in  Indian  population. 

2.  Material  and  method 

The  samples  were  collected  in  the  Department  of  Forensic 
Medicine,  Institute  of  Medical  Sciences,  Banaras  Hindu  University, 
Varanasi,  India.  It  comprised  of  112  adult  mandibles  (88  males  and 
24  females)  between  the  age  group  of  18-60  years,  from  forensic 
cases.  Pathological  mandibles  having  more  than  two  ante-mortem 
molar  teeth  loss  were  excluded  from  the  study. 

The  mandibles  were  scored  according  to  the  methodology  of 
Loth  and  Henneberg.6  Mandibles  with  ramus  flexure  at  the  level  of 
occlusal  surface  were  scored  as  +1  (Figs.  1  and  3),  while  straight 
ramus  or  flexure  above  or  below  the  level  of  occlusal  surface,  were 
scored  as  -1  (Figs.  2,  4  and  5)  and  mandibles  with  no  obvious 
flexure  were  scored  as  0.  For  each  mandible  the  scores  for  the  right 
and  left  ramus  were  added.  Mandibles  with  scores  of  0  to  +2  were 
identified  as  males  and  mandibles  with  scores  of  -1  and  -2  as 
females.  Left  and  right  sides  were  scored  separately  at  different 
time. 

The  ability  of  identifying  a  morphological  trait  by  one  or  more 
observer  is  crucial  to  test  its  potential  in  determination  of  sex. 


Fig.  3.  Female  mandible  showing  +1  score. 

Previous  researchers  reported  difficulties  in  identifying  the  flexure, 
so  inter  and  intra-observer  errors  were  also  calculated  by  Kappa 
statistics.  For  this,  the  mandibles  were  scored  by  two  observers  at 
different  time  and  in  three  different  sessions.  The  time  gap  between 
each  session  was  two  weeks  to  avoid  any  bias.  The  data  was 
analyzed  using  SPSS  statistical  package. 


3.  Results 

Table  1  presents  a  glance  of  previous  researches  on  ramus 
flexure  conducted  on  different  populations  employing  different 
observation  techniques. 

The  scores  of  ramus  shape  obtained  by  two  observers  (V.S  and 
R.S)  are  presented  in  Table  2.  Fifty  two  of  male  mandibles  (59.1%) 
exhibited  bilateral  flexure  i.e.  scored  ‘+2’  whereas  18  (75%)  female 
mandibles  showed  bilaterally  straight  ramus  i.e.  scored  ‘-2’.  Similar 
observations  were  obtained  by  second  observer  where  38  males 
(43.2%)  showed  bilateral  flexure  and  17  females  (70.8%)  showed 
bilaterally  straight  flexure. 

The  predictive  accuracy  for  males  and  females  is  presented  in 
Table  3.  It  is  obvious  from  this  table  that  17  of  88  males  have 
a  female  shape  (-1  and  -2  score)  and  3  of  24  females  have  male 
shape  (0,  +1  and  +2  score)  thus  only  82.1%  mandibles  (80.7%  males 
and  87.5%  females)  were  correctly  assigned  by  first  observer. 
Second  observer  found  slightly  lower  accuracy  and  correctly  iden¬ 
tified  77.7%  mandibles  (males  77.2%  and  females  79%). 


Fig.  2.  Female  mandible  showing  straight  border  (-1)  score. 


Fig.  4.  Male  mandible  showing  straight  ramus  (-1)  score. 
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Fig.  5.  Female  mandible  with  -1  score  where  the  curve  is  below  occusals. 

Inter  and  Intra-observer  agreement  is  measured  using  Cohen’s 
Kappa  statistics.21,22  In  Table  4  the  intra-observer  agreement 
between  three  sessions  of  both  the  observers  is  given.  I<  values 
clearly  show  moderate  to  good  agreement  for  both  observers 
(0.579-0.758  and  0.579-0.739  respectively)  in  three  different 
sessions. 

The  inter-observer  agreement  in  3  sessions  is  given  in  Table  5. 
I<  values  indicate  moderate  to  very  good  agreement  (0.509-0.860). 
It  shows  that  agreement  improved  as  both  the  observers  get  more 
and  more  acquainted  with  the  trait. 

4.  Disscussion 

A  number  of  morphological  features  of  mandible  like  gonial 
flare,  chin  shape,  shape  of  lower  border  have  been  studied  for 
sexual  dimorphism  among  which  mandibular  ramus  flexure  has 
gained  favor  for  accuracy.19,23  Population  specific  nature  of  the 
mandibular  ramus  flexure  has  been  suggested  by  previous 
researchers  so  we  have  verified  the  expression  of  the  trait  and  its 
predictive  accuracy  in  sex  determination  among  North  Indian 
population.16,17,19,24 

The  sexual  variations  in  mandibles  may  bear  genetic,  hormonal 
or  environmental  influences.4,6,9,14,25  Since  mandible  is  the  last 
skull  bone  to  cease  growth  26,27  it  is  sensitive  to  adolescent  growth 


Table  2 

Distribution  of  ramus  shape  scores  by  sex  in  the  total  sample. 


Sex 

N 

-2 

-1 

0 

+1 

+2 

1  st  observer 
Males 

88 

15 

2 

15 

4 

52 

Females 

24 

18 

3 

2 

0 

1 

Total 

112 

33 

5 

17 

4 

53 

2nd  observer 
Males 

88 

15 

5 

17 

13 

38 

Females 

24 

17 

2 

3 

0 

2 

Total 

112 

32 

4 

20 

13 

40 

spurt 28  Due  to  the  effect  of  estrogen,  epiphyseal  maturation  and 
skeletal  mineralization,  mandibular  growth  becomes  stable  in 
females  at  the  age  of  around  14,  while  it  continues  for  two  more 
years  in  males,  making  the  flexure  more  obvious.14  Relatively, 
weaker  muscle  forces  during  mastication,  may  also  contribute  to 
small  sized  mandibles  in  females. 

The  results  show  that  there  is  significant  difference  in  the  shape 
of  male  and  female  mandibles  (p  <  .001 ).  The  trait  can  correctly 
diagnose  77.2-80.7%  males  and  79.2-87.5%  females.  The  overall 
predictive  accuracy  was  77.7-82.1%  which  is  much  lower  than 
claimed  by  Loth  and  Henneberg  6 

In  present  study,  both  observers  identified  females  more  accu¬ 
rately  by  observing  posterior  ramus  border  (Table  3).  Hill17  and 
Ottele  et  al 20  however  opined  greater  variability  of  shape  of  female 
mandible.  We  found  that  most  of  the  female  mandibles  have 
posterior  border  either  straight  or  if  any  flexure  present,  it  was 
above  the  occlusal  level  near  the  condylar  neck.14  However,  Koski12 
found  straight  ramus-condyle  line  to  be  rare  in  females  and  young 
adults. 

Donnelly  et  al.13  and  Hill17  were  convinced  of  dimorphic  value  of 
flexure  in  males  and  even  score  ‘O’,  indicating  only  one  sided 
findings  to  be  designating  males.  In  present  study  exclusion  of  male 
samples  with  ‘0’  score  undermined  accuracy  of  detecting  males  to 
63.6%  (56  males)  and  57.9%  (51  males)  by  two  independent 
observers  (Table  2). 

Morphological  features  get  confounded  by  inter-observer 
differences  and  difficulties  in  standardization  21  Very  high  degree  of 
intra  and  inter-observer  errors  were  reported  by  Donnelly  et  al.13 
and  Grottenthaler  et  al.18  in  identifying  the  flexure.  Thus  they 
considered  association  between  ramus  flexure  and  sex  to  be  weak. 


Table  1 

Observations  of  previous  researches  conducted  on  various  populations. 


Author  &  year 

Ethnic  origin 

Sample  size 

Male 

Female 

Accuracy  % 

Male 

female 

Overall  accuracy  % 

Loth&  Henneberg  (1996) 

Black 

48 

48 

91.7 

89.6 

94.2 

White 

47 

38 

91.5 

92.1 

Amerindians 

32 

34 

93.8 

91.2 

Koski  (1996) 

White  females  and  children13 

— 

— 

— 

— 

No  difference  in  flexure 

Mieke  (1996) 

West  Flores  population13 

75 

75 

95 

88 

— 

Gunay  et  al.  (1997) 

Turkish  population 

16 

7 

87.5 

57.1 

73.3 

Indrayana  et  al.  (1998) 

Javanese  population13 

70 

65 

90 

94 

— 

Donnelly  et  al.  (1998) 

American  black  &  White  &  Amerindian 

56 

40 

80.4 

37.5 

62.5 

Haun  (2000) 

North  Eastern  Iran3 

28 

27 

92.9 

63 

78.2 

Hill  (2000) 

Europian-American 

65 

28 

89.2 

60.7 

79.1 

African-American 

38 

27 

94.7 

51.9 

Coqueugniot  et  al.  (2000) 

Isreal  &  Europe3 

5 

1 

Not  reliable 

Grottenthelar  et  al.  (2002) 

German  population 

122 

31 

65.6 

32.3 

58.8 

Balci  et  al.  (2005) 

Turkish  population 

95 

25 

92.6 

60.0 

85.8 

Ottele  et  al.  (2005) 

Black  population0 

43 

28 

69.6 

67.8 

— 

Hu  et  al.  (2006) 

Koreans 

74 

33 

No  difference  in  flexure 

a  Archaeological  samples. 
b  cephalograms. 

c  geometric  morphometries  study. 
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Table  3 

Overall  accuracy  of  ramus  shape  as  an  indicator  of  sex  in  the  total  sample  (According 
to  Loth  &Henneberg). 


Sex 

N 

-1  & 

n 

-2 

% 

0,  +1  &  +2 

n  % 

Accuracy  by  sex  % 

1  st  Observer 
Males 

88 

17 

44.7 

71 

95.9 

80.7 

Females 

24 

21 

55.3 

3 

4.1 

87.5 

112 

38 

100 

74 

100 

82.1 

2nd  observer 
Males 

88 

20 

51.3 

68 

93.2 

77.2 

Females 

24 

19 

48.7 

5 

6.8 

79.0 

112 

39 

100 

73 

100 

77.7 

Table  4 

Intra-observer  agreement  in  three  sessions. 

Sessions 

Observer 

Kappa  values 

Interpretation 

I/II 

1st  Observer 

.709 

Substantial  agreement 

I/III 

.758 

Substantial  agreement 

II/III 

.579 

Moderate  agreement 

I/II 

2nd  Observer 

.522 

Moderate  agreement 

I/III 

.739 

Substantial  agreement 

II/III 

.579 

Moderate  agreement 

Table  5 

Inter-observer  agreement  for  ramus  flexure  —  comparison  of  Kappa  values. 


Observer 

Session 

Kappa 

Interpretation 

I/II 

1st 

.597 

Moderate  agreement 

I/II 

2nd 

.509 

Moderate  agreement 

I/II 

3rd 

.860 

Almost  perfect  agreement 

During  this  study  inter-observer  differences  did  occur  with  regard 
to  identifying  the  level  of  the  flexure  but  not  in  identifying  very 
presence.  The  same  is  likely  to  diminish  with  experience.  Inter¬ 
observer  agreement  increases  from  moderate  in  first  session  to 
almost  perfect  agreement  in  third  session  as  seen  in  Table  5.1t  is 
suggested  that  the  gonial  angle  and  condylar  angle  should  be 
clearly  located  while  identifying  the  flexure. 

Intra-observer  differences  in  three  sessions  were  negligible 
(Table  4).  The  k  values  which  increased  from  moderate  in  1st 
session  to  very  good  agreement  in  3rd  session,  indicating  scope  for 
eliminating  intra-observer  errors. 

The  discrepancies  in  the  studies  may  result  from  differences  of 
selected  population.  It  is  well  known  that  sexual  dimorphism  is 
expressed  more  distinctly  when  there  are  better  living  conditions 
and  health  status  of  the  given  population.29,30  Consequently,  it  is  of 
low  degree  in  Indian  population  due  to  existing  malnutrition.31-33 
Further,  socioeconomic  factors  (nutrition,  chewing  habits,  occupa¬ 
tion  etc)  may  contribute  to  expression  of  sexual  dimorphism  in  case 
of  North  Indian  population. 

The  other  probable  cause  may  be  related  to  small  sample  size, 
unequal  male  and  female  ratio  and  sample  heterogeneity  (forensic 
sample).  Cunha  and  Van  Vark  showed  that  such  sample  heterogeneity 
significantly  contributes  to  a  reduction  in  sexual  dimorphism  34  Thus 
traits  that  are  sexually  dimorphic  in  one  population  may  be  much  less 
so  in  another  due  to  contributive  effect  of  several  factors. 


5.  Conclusion 

The  trait  has  significant  value  in  identifying  sex  with  quite  good 
predictive  accuracy  in  Indian  population  and  has  practical  appli¬ 
cation  for  actual  forensic  casework.  The  mandibles  with  “0”  score 


can  be  suggested  to  be  removed  to  avoid  bias  in  results.  Though 
inter  and  intra-observer  errors  do  exist,  it  decreases  with  experi¬ 
ence,  so  well  acquaintance  with  the  trait  using  known  samples  is 
suggested. 
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